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Abstract

Objective: To determine whether rural Medicare FFS beneficiaries are more likely to

be admitted to an urban hospital in 2018 than in 2010.

Data Sources: We combined data from the 2010 to 2018 Hospital Service Area File

(HSAF) and the 2010–2017 American Hospital Association (AHA) survey.

Study Design: We conducted a fixed-effects negative-binomial regression to deter-

mine whether urban hospital admissions from rural ZIP codes were increasing over

time. We also conducted an exploratory geographically weighted regression.

Data Collection: We transformed the HSAF data into a ZIP code-level file with all

rural ZIP codes. We defined rural as having a Rural-Urban Commuting Area (RUCA)

code ≥4. A hospital's system affiliation status was incorporated from the AHA

survey.

Principal Findings: Controlling for distance to the nearest hospitals, an increase of

1 year was associated with a 2.0% increase (p < 0.001) in the number of admissions

to urban hospitals from each rural ZIP code. New system affiliation of the nearest

rural hospital was associated with an increase of 1.7% (p < 0.001).

Conclusions: Even when controlling for distance to the nearest rural hospital (which

reflects hospital closures), rural patients were increasingly likely to be admitted to an

urban hospital.
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What is known on this topic

• Rural hospital are continuing to close nationwide, especially in the South, which poses chal-

lenges to rural communities.

• Rural hospitals are going through decreases in inpatient utilization, and these declines are dis-

proportionately large when compared to declines in rural population.

• Hospitals, both urban and rural, are joining or being acquired by larger health systems more

frequently.

What this study adds

• Rural hospital closures and decreased total inpatient use are not the only drivers of reduced

inpatient admissions to rural hospitals; service availability and quality considerations may also

contribute to this trend.
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• Rural patients are increasingly likely to be admitted to urban hospitals, regardless of their

proximity to hospital closures.

• When the nearest rural hospital joins a system, the likelihood of rural residents being admit-

ted to an urban hospital increases, indicating that joining health systems may not increase

utilization.

1 | INTRODUCTION

Rural hospital inpatient volume has been decreasing steadily over the

past decade.1,2 MedPAC analysis finds that the average number of

annual admissions per Critical Access Hospital fell from 624 in 2003

to 335 in 2016.3 There are many possible reasons for this decline. A

decline in overall utilization of inpatient services resulting from (e.g.) a

decrease in rural population, an increase in payment models disincen-

tivizing inpatient use, or a technological shift to outpatient services,

may lead to fewer admissions from rural communities. Alternatively,

the total inpatient volume from rural populations may be relatively

unchanged but may have shifted to urban hospitals; this change in

rural care-seeking patterns may be a result of a cessation of specific

services in local hospitals, patient bypass of rural hospitals (e.g., due to

quality concerns), or payment models (such as accountable care orga-

nizations) enticing admission to larger urban hospitals.4 Previous

research has shown that the removal of specialty services, such as

OB/GYN care, may force patients to bypass the local rural hospital

and travel farther.5 Furthermore, these service reductions may lead to

declining admissions, which may, in turn, lead to a further reduction in

services, feeding into a death spiral for financially vulnerable rural

hospitals.

A previous study has shown that hospitals that are smaller, less

profitable, and without obstetric services are more likely to be

bypassed.1 This study examines what is behind the decline in rural

hospital inpatient volume, specifically, whether this decline is a result

of the decline in overall patient use by rural populations or a shift in

admissions from rural hospitals toward urban hospitals. We analyze

changes in hospital admissions among rural Medicare FFS beneficia-

ries from 2010 to 2018 to determine the relative importance of (1) a

change in the overall volume of acute care versus (2) a transition to

urban hospitals.

2 | CONCEPTUAL MODEL

Our central hypothesis was that rural hospitals are going through a

decline in acute care volume, not due to a decrease in acute care

used by rural residents, but to an increasing propensity for rural

residents to travel farther and bypass their local hospital (Figure 1).

Strictly speaking, we do not examine bypass (when a resident

receives acute care from a hospital other than the closest to their

residence) per se; our focus is on the type (e.g., rurality) of the hos-

pital from which rural Medicare FFS beneficiaries are receiving

inpatient care. The latter more closely aligns with the focus of work

that examines aggregate volume by hospital type; a resident who

bypasses a local rural hospital yet receives care from another rural

hospital has different implications than one who receives it from a

large urban hospital.

Overall per-capita inpatient admissions have been declining for

some time as more patients are treated in the outpatient setting.6 We

hypothesized that rural residents are more likely to receive care from

urban hospitals for a number of reasons. First, a reduction in the ser-

vices offered may drive patients to seek care elsewhere. One study

found that 9% of all rural counties lost hospital-based obstetrics ser-

vices between 2004 and 2014, while others found that the gaps in

access to surgical specialties, such as thoracic surgery and acute care

surgery, were increasing over the same period.7–9 Hospitals that lack

obstetrics services are more likely to be bypassed, even for nonobste-

tric services.10 Second, changes in the acute care marketplace—for

example, value-based payment and consolidation of hospitals and

practices—might entice more rural patients to seek care at larger

urban facilities. Recent research has shown that system-affiliated rural

hospitals were more likely to lose imaging services, obstetrics services,

and primary care departments following affiliation.11 Older research

demonstrated that patients were more likely to seek certain types of

care from hospitals in a network and with greater market share, typi-

cally larger hospitals.12 Finally, rural residents may be increasingly

drawn to seek care at urban hospitals due to higher perceived quality

or other “consumer choice” factors.

F IGURE 1 Conceptual model: drivers of patient care-seeking
behaviors [Color figure can be viewed at wileyonlinelibrary.com]
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3 | METHODS

The primary data source was the Hospital Service Area File (Centers

for Medicare & Medicaid Services), which contains the annual number

of admissions to a hospital from each residence ZIP for Medicare FFS

beneficiaries. We calculated the aerial (Euclidean) distance between

the geocoded hospital and the centroid of a patient's residence ZIP.

Patient residences and hospitals were classified by rurality using the

ZIP modification of the 2010 Rural–Urban Commuting Area (RUCA)

codes, collapsing the primary RUCA code into four categories

(Metropolitan RUCA 1–3, Micropolitan: RUCA 4–6, Large rural: RUCA

7–9, and Isolated rural town: RUCA 10) for select analyses. RUCAs

were classified as “Rural” if they were 4 or above, and Metropolitan

RUCAs are referred to as “Urban.” For a subset of the analytic sample

tested to compare travel distance versus Euclidean distance, we used

the Open Source Routing Machine (OSRM) and conducted an analysis

using R, and we found a high (p = 0.99) correlation between network

and Euclidean distances.13 A binary indicator of system affiliation,

which indicates whether the hospital belonged to any health system,

was derived from the American Hospital Association survey from

2010 to 2017.

We used two types of regression models for our analysis. First,

we used a negative binomial regression with ZIP-specific indicators

“ZIP fixed effects” to calculate the change in admissions to an urban

hospital from each rural ZIP code over time, holding constant the total

number of admissions. Second, for exploratory analysis, we used a

geographically weighted fixed-effects Poisson regression (GWR) to

visually determine which areas were experiencing the largest secular

change in propensity to be admitted to rural hospitals.14 The GWR

allows parameters to vary across space by running multiple regres-

sions at reference points across the country, with weights determined

by distance from each ZIP to the point. In this case, our central points

were defined as the county centroids, and thus, an individual result is

interpreted as the parameter estimates in the region “close” to the

point.15 Both regressions controlled for total hospital admissions from

the ZIP code, the distance to the nearest urban hospital in that year,

and the distance to the nearest rural hospital in that year. Alaska and

Hawaii were removed from this model because of the distinct chal-

lenges of using Euclidean distance in those areas (e.g., islands, limited

road networks). We conducted a sensitivity analysis on the kernel

weight used for the model and found that changes to the weight did

not have a significant effect on the results of the analysis.

4 | RESULTS

First, we compared admissions from rural ZIP codes with admissions

to rural hospitals. If patient behavior were unchanged, then we would

expect to observe similar patterns between the two as rural hospital

utilization responds only to overall inpatient demand from rural areas.

We found that the total number of admissions for Medicare FFS ben-

eficiaries residing in rural RUCAs decreased only slightly from 2010 to

2018 (3.0%, 3,080,118 to 2,988,595). During the same period,

admissions from urban areas increased by 7.9%, from 10,956,774 to

11,818,260. Despite only a slight decrease in total admissions from

rural areas, we observed a much larger decline in admissions to rural

hospitals (14.2%, 2,068,545 to 1,774,411). Figure 2 shows the distri-

bution of admissions from each rural ZIP code to urban hospitals in

2010 and 2018. The figure suggests a broad shift in admission pat-

terns across all rural ZIP codes rather than significant changes at

either extreme (rural ZIP codes with 0% or 100% of all admissions to

urban hospitals). We concluded that declines in rural hospital census

could not be fully explained by declines in overall inpatient use by

rural beneficiaries, and therefore, we turned to examin patient admis-

sion patterns.

To assess whether the change in admitting hospital rurality from

rural ZIP codes could be explained by rural hospital closures, we esti-

mated a fixed-effects negative binomial regression, which controlled

for distance to both the nearest urban and rural hospitals, with results

in Table 1. Exponentiated estimated coefficients, interpreted as inci-

dence rate ratios, are presented in brackets. Therefore, if a rural hospi-

tal closed, the distance to the nearest rural hospital would change

(increase) and be accounted for in the model. Sixty-seven ZIP codes

present in Model 1 were excluded in Model 2 due to missing system-

affiliation data.

Model 1 is the base model, including only year, total admissions,

and distance to the nearest urban and rural hospitals. Model 2 includes

a flag for whether the nearest rural hospital was part of a system (sys-

tem affiliation of the nearest urban hospital was tested and found

insignificant). System affiliation of the nearest rural hospital increased

significantly over time, with 42.4% of ZIP codes being near a rural

hospital in a system in 2010 compared to 50.7% in 2017. After expo-

nentiating the coefficients, both models show a 2.0% yearly increase

in the number of admissions from each rural ZIP code to urban hospi-

tals, implying a change of 15% (1.020^7–1) over 7 years. Distance to

the nearest urban hospital has a similar negative effect on the number

of rural patients admitted to urban hospitals, while a one-mile increase

in distance to the nearest rural hospital (due to closure or move) was

F IGURE 2 Urban hospital admissions from rural ZIP codes, 2010
and 2018 [Color figure can be viewed at wileyonlinelibrary.com]
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associated with an increase in the number of patients treated at urban

hospitals of 0.10%. If a hospital 10 miles away from a ZIP code closed,

leaving the nearest hospital now 25 miles away, this increase of

15 miles would be associated with a 1.5% (1.0010^15–1) decrease in

the number of rural admissions. When compared to the yearly change

in urban hospital admissions, the effect of hospital closure is signifi-

cantly smaller in magnitude. New system affiliation of the nearest

rural hospital is associated with a 1.8% increase in admissions to urban

hospitals.

Rural hospital closures during the study period have been concen-

trated in the South, with 70 of 138 closures occurring in the South-

eastern states along with Texas, Arkansas, and Louisiana. To assess

whether changes in patient behavior reflected regional trends in clo-

sures, we conducted a fixed-effects geographically weighted Poisson

regression with observation weights decaying in distance from the

ZIP of interest. The median coefficient estimate was 0.021 (indicating

a 2.1% annual increase in the number of urban admissions), with an

IQR of 0.011–0.031. We found no statistically significant differences

in the estimates for ZIP codes in different regions (including the

Southeast), and also found no differences when stratifying ZIP codes

into rural subgroups of micropolitan, largely rural, and isolated. Visual

assessment of the regression results did not reveal any obvious geo-

graphic patterns, with high and low rates of change present through-

out different parts of the country and not clustered in one area. These

results demonstrate that changes in rural patient behavior do not

correlate with regional trends in hospital closures.

5 | DISCUSSION

There are four primary findings from this study. Between 2010 and

2018: (1) no large change in the total number of inpatient admissions

from rural areas occurred; (2) rural Medicare FFS beneficiaries are

increasingly likely to be admitted to urban hospitals and less likely to

be admitted to rural hospitals; (3) system affiliation of rural hospitals

may be a factor in the decision to bypass; and (4) changes in urban

hospital admissions from urban areas are not geographically concen-

trated nor concentrated around areas with hospital closures. The

decline in acute volume in rural hospitals, combined with the finding

of relatively unchanged total admissions from rural areas, appears to

be far more driven by changes in care-seeking behaviors such as

increased hospital bypass rather than by a secular decline in admis-

sions of rural beneficiaries.

Decreasing admissions could negatively affect the financial health

of a hospital, which may, in turn, affect the ability of the hospital to

remain open or to provide the same level of services.16,17 Increased

travel distance and hospital bypass behavior also have implications for

access and can increase the burden for patients and families.18,19 Iso-

lated rural Medicare beneficiaries are already less likely to have

follow-up care, while micropolitan and small-town rural beneficiaries

have a greater risk of readmission and ED visits.20 Particularly in

emergencies, longer travel time and distance can be detrimental to

health outcomes.21

This trend of the declining rural census may support the crea-

tion or increase of alternative rural care delivery models, such as

freestanding emergency departments (EDs) or the frontier commu-

nity health care models, which can address some of the potential

detriments of increased travel distance by reducing emergency

response time.22,23 Indeed, MedPAC's recommendation to create

rural stand-alone emergency departments specifically draws from

this volume trend.3 Currently, most freestanding EDs are near

existing EDs, limiting their effectiveness for this purpose, but the

strategic placement could improve their potential impact.22

However, Congress authorized the creation of Rural Emergency

Hospitals (REHs) in 2020, which do not have to provide inpatient

care but may offer 24-hour emergency services, and the effects of

this policy have yet to be borne out.24

Despite potentially negative financial consequences for rural

health systems, rural patients may benefit from treatment at urban

hospitals. Larger, typically urban hospitals may be more appropriate

for complex patients and those receiving some types of surgical

care.10,25,26 Comparisons of quality at urban and rural hospitals have

found that some but not all quality measure scores may be lower for

rural hospitals, and the benefit of bypassing a rural to an individual

patient may depend on the patient's clinical characteristics, as well as

characteristics of the hospital.27–30

TABLE 1 Change in number of urban hospital admissions from rural ZIP codes

Model 1 Model 2

Variable Coefficient [incident rate ratio] Std. error Coefficient [incident rate ratio] Std. error

Year 0.0201*** [1.0203] 0.0002 0.0196*** [1.0198] 0.0002

Total admissions 0.0007*** [1.0007] 0.0000 0.0007*** [1.0007] 0.0000

Distance to nearest urban hospital (mi) �0.0014*** [0.9986] 0.0002 �0.0015*** [0.9986] 0.0002

Distance to nearest rural hospital (mi) 0.0010*** [1.0010] 0.0002 0.0010*** [1.0010] 0.0002

Rural hospital system affiliation 0.0169*** [1.0170] 0.0028

Log-likelihood �414,482.01 �352,523.71

N of ZIP codes 16,146 16,079

Note: N of total admissions = 26,953,014 (Model 1), 23,543,983 (Model 2).

*p < 0.05; **p < 0.01; ***p < 0.001.
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The analysis has some limitations. The data used exclude admis-

sions not insured by Medicare FFS, such as Medicare Advantage,

Medicaid, and commercial. Enrollment in Medicare Advantage is non-

random and may lead to different outcomes, although the effect is

unclear, with some studies finding mixed associations for Medicare

Advantage enrollment and hospital admissions.31–33 Enrollment in

Medicare Advantage in rural areas is small but rising, and the effects

of Medicare Advantage on rural hospitals will increase correspond-

ingly.34 Medicare admission patterns may differ from patterns for

those insured by other programs. Last, as the distance is calculated as

aerial miles, the distance does not reflect actual travel time. However,

we tested potential differences by calculating a subsample of travel

distances using a road network, and regression of network travel dis-

tance on Euclidean distance resulted in an R2 of 0.991, indicating that

Euclidean distance is a very strong linear predictor of travel distance.

Additionally, other studies have supported the use of aerial distance

and found that in the case of nonemergency hospital visits, the differ-

ence between Euclidean distance and road network distance is

inconsequential.35

6 | CONCLUSION

Between 2010 and 2018, the proportion of rural residents admitted

to rural hospitals decreased. This was driven more by changes in care-

seeking than secular declines in admission rates among rural residents.

If fewer rural residents continue to seek care from rural hospitals,

more rural hospitals could find it difficult to maintain their current

level of services or to remain open at all, leading to reduced access to

care for those still relying on them for inpatient care. Rural hospitals

will need to adapt to changing patient care-seeking behaviors as rural

residents continue to travel farther to urban hospitals for care.
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